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Description 

This invention relates to apparatus for simulta- 
neously friction welding two members to the ends 
of an intermediate component, with the members 
in a required angular orientation relative to one 
another about a common longitudinally extending 
axis. 

The apparatus according to the invention has 
been developed in relation to the manufacture of 
transmission shaft elements for motor vehicles. A 
typical shaft element required to be manufactured 
has the central component in the form of a tubular 
shaft component, with the members at the ends 
thereof taking the form of universal joint parts, or 
one member may be a universal joint part and the 
other a splined element which forms part of a 
sliding splined connection to enable length vari- 
ations in the transmission shaft to occur in ser- 
vice. A typical universal joint part is the yoke of a 
Hookes universal joint. In a Hookes jointed shaft, 
the joint yokes have to be accurately angularly 
aligned with one another about the axis of the 
shaft, in order to avoid unbalance and vibration 
problems in use. 

Further, the apparatus according to the inven- 
tion has been developed with the object of being 
capable of welding transmission shafts whose 
parts are made of aluminium alloys. Friction weld- 
ing of such materials is difficult, primarily because 
of the high thermal conductivity thereof which 
means that, after the parts to be welded have 
been brought to a welding temperature in the well 
known first or "burn-off" stage of the welding 
operation, relative movement between the parts 
must be halted and a welding force applied there- 
between very quickly. Welding conditions are 
sustained at the interface between the parts for a 
relatively short time, and if the relative motion is 
not completely arrested within such a short time 
poor welds result. The effect may be regarded as 
being analogous to the formation and tearing 
apart of a succession of welds during the braking 
time, if the braking time is too long. Braking times 
of the order of tens of milliseconds are required. 

Although machines capable of friction welding 
transmission shaft elements of steel are well 
known, it has hitherto been difficult reliably to 
manufacture such shaft elements of aluminium 
alloy, because of the problems above referred to. 
It is the object of the present invention to provide 
apparatus which enables such problems to be 
overcome or reduced. 

EP-A1-0 059 544 discloses a friction welding 
apparatus intended to be usable for welding shaft 
assemblies made of aluminium alloys, wherein, in 
order to avoid the necessity of rapid braking of 
the rotating parts, the intermediate shaft compo- 
nent which initially is held stationary while welding 
conditions are established is released to rotate 
with the end components during welding. Al- 
though joined by a lay shaft, the holders for the 
end components have individual motors and 
brakes, and even with the release of the inter- 
mediate shaft it is still difficult to control welding 
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conditions and alignment for both the end compo- 
nents. 

GB-A-1 224 359 and DE-A1-2 647 735 both 
disclose friction welding machines in which there 
5 is no means for ensuring alignment between end 
components welded to an intermediate member. 

According to the invention, we provide ap- 
paratus for simultaneously friction welding two 
members to the ends of an intermediate compo- 
se ■ nent, in a required angular orientation relative to 
one another about a common longitudinally ex- 
tending axis, comprising: 

a bed; 

means for holding said intermediate compo- 

15 nent stationary relative to said bed; 

two carriage assemblies, adapted to be fixed 
relative to said bed in positions spaced therea- 
long symmetrically about said intermediate com- 
ponent holding means, and each comprising a 

20 holder for a respective one of said members, 
bearing means supporting said holder for rotation 
about said axis, and means for applying a force 
along said axis to said holder so that said mem- 
ber is brought into engagement with said inter- 

25 mediate component under said force; 

a lay shaft supported for rotation about its 
axis, extending lengthways of said bed; 

transmission means connecting each of said 
holders with said lay shaft, and establishing a 

30 positive connection therebetween so that said 
holders- remain in a fixed angular orientation 
relative to one another about said axis; 
means for driving said lay shaft, and 
means for braking said lay shaft; 

35 characterised in that said means for braking 

said lay shaft acts thereon substantially at the 
centre thereof, equidistant between said trans- 
mission means. 

In a friction welding machine, stopping the 

40 relative rotation between the parts to be welded 
is, in essence, merely a matter of providing a 
sufficiently powerful brake. However, such rapid 
braking can cause problems because of "wind- 
up" in the rotating components of the machine, 

45 due to the inertia of the parts which have to be 
braked. In the apparatus according to the inven- 
tion, by braking the lay shaft, and thus the holders 
of the two members to be welded by way of the 
transmission means, by a braking means acting 

50 substantially at the centre of the lay shaft be- 
tween said transmission means, ensures that any 
wind-up affecting the two holders is equalised. 
Thus, under the conditions of rapid braking 
necessary for reliable welding of aluminium alloy 

55 parts, the required alignment is maintained. Fur- 
ther, it is ensured that the two holders are braked 
exactly simultaneously, which may not be the 
case if the holders were braked by separate 
brakes associated therewith even if such brakes 

60 were controlled from a common source. This pro- 
vides consistant quality at both welds. 

The braking means may be, as is generally 
;known for friction welding machines, a disc brake 
-assembly operated by fluid pressure. To assist 

65 rapid braking, such braking means may be 
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brought into operation by fluid pressure derived 
from an accumulator, under the control of a suit- 
able valve. By use of an accumulator, the brake 
can be actuated more quickly than if its source of, 
e. g., hydraulic fluid under pressure were a pump 
directly. 

A further aspect of braking performance is 
that rapid braking is assisted if the inertia of the 
rotating parts is kept as low as possible. One 
area in which such inertia can be reduced is that 
of the holders for the two members which are to 
be welded to the intermediate component, where 
conventional chucks can have an undesirably 
high mass and thus inertia. 

The present invention therefore provides that 
at least one of said holders may have jaws ar- 
ranged to be brought into gripping engagement 
with the member by displacement of a wedge ele- 
ment within the holder. Such displacement of the 
wedge element is effected by means external to 
the holder and not rotating therewith. Thus the 
holder inertia can be kept to a minimum. 

These and other features of the invention will 
now be described by way of example with refer- 
ence to the accompanying drawings, of which: 

Figure 1 is a diagrammatic elevation showing 
the general arrangement of apparatus 
according to the invention; 

Figure 2 is a diagram showing the principle of 
operation of one of the holder assem- 
blies of the apparatus. 

Figure 3 is an elevation, partly in section, of the 
holder assembly of Figure 2. 



Referring firstly to Figure 1 of the drawings, there 
is illustrated an apparatus comprising a bed 10 
which supports, for longitudinal movement there- 
on, two carriage assemblies 11, 12. The carriage 
assemblies are capable of being fixed in the 
desired positions on the bed 10, and preferably 
such fixing is effected by a mechanism which in- 
cludes a braking element extending longitudinally 
of the carriage and arranged to be brought into 
engagement with a suitable surface on the bed so 
that the carriage is held by friction. The element 
on the carriage may include a lining of a friction 
material, and may be brought into engagement 
with the bed by means of a wedge element mow- 
able longitudinally of the carriage by fluid press- 
ure means. Such a manner of adjustment of the 
distance between the carriages enables the ap- 
paratus to be set up rapidly when shafts of differ- 
ent length are to be welded. 

The carriages 11, 12 are mirror-image identi- 
cal to one another and therefore only one will be 
described in detail. It comprises a base 13 having 
at one end an upstanding structure 14 which is 
provided with a clamp of conventional type for 
holding stationary one end 15 of the intermediate 
component 16 at whose ends members are to be 
welded. The other end of the component 16 is 
held by a corresponding clamp associated with 
the other carriage 11. The longitudinal central 



axis of the component 16 is indicated at 17. A 
head 18 is carried by the carriage 13, and this 
supports in bearings 19, for rotation about the 
axis 1 7, a holder 20 for the member to be welded 
5 to the end 15 of the component 16. The holder 20 
is also supported in the head 18 for movement 
along the axis 17, and there is provided an hy- 
draulic piston and cylinder arrangement 21 for ap- 
plying an axially directed force to the holder 20 to 

10 effect such movement thereof. Arrangements of 
parts such as bearings 19 for supporting the 
holder 10, and piston and cylinder arrangement 
21 for applying an axially directed force thereto, 
are generally known and are not therefore de- 

15 scribed here in detail. It will be appreciated that 
the holders 20 may be of different design accord- 
ing to the type of member to be held thereby. 

A lay shaft 22 extends longitudinally of the 
apparatus and is mounted by suitable bearings, 

20 not shown, for rotation about an axis 23. The 
holder 20 is drivably connected to the lay shaft 22 
by a transmisson means in the form of a gear 
train 24. A ball spline arrangement is used at the 
connection between the lay shaft 22 and the gear 

25 of the gear train which is connected thereto, to 
provide for the movement of the holder 20 
lengthwise of the lay shaft. Because of such con- 
nection by gear trains, the orientation of the two 
holders of the machine is fixed relative to one 

30 another about the axis 1 7. 

At its centre, the lay shaft 22 is drivingly con- 
nected to a drive shaft 25 by way of gears 26, 27. 
The drive shaft 25 is drivable from a motor 28 by 
way of a clutch 29. Brake discs 30 are provided at 

35 the sides of gear 26, to be engaged by brake 
calipers 31. The calipers would be actuated to 
brake the drive shaft 25 and gear 26, and thus 
the lay shaft and holders of the machine, by fluid 
pressure, e. g. from a hydraulic accumulator by 

40 way of a suitable control valve in known manner. 

In use of the machine, the carriages 11,12 
would be fixed in positions on the bed of the ma- 
chine to suit the length of the component 16. The 
members to be welded to the ends thereto would 

45 be placed in the holders of the head assemblies. 
The component 16 may be centralised in the ma- 
chine by causing the members to be welded 
thereto to abut the ends thereof, before the 
clamps holding the component 16 are tightened. 

50 Thereafter, with clutch 29 engaged, the holders 
are rotated by the operation of motor 28, and a 
suitable force applied to the holders so that the 
members held thereby engage the ends of com- 
ponents 16 until welding conditions are estab- 

55 lished at the interfaces. When such conditions 
exist, clutch 29 is disengaged (to remove the iner- 
tia of motor 28 from the rotating assembly), and 
the brakes applied to bring the rotating parts 
rapidly to a halt. Application of suitable welding 

60 pressure to the holders completes the welding 
process. The sequence of operations involved in 
the complete welding cycle preferably is rendered 
automatic or semi-automatic by use of a suitable 
control system. There are many known types of 

65 control system suitable for use with machines of 
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this type, and thus one will not be described in 
detail herein. 

It will be appreciated in this operation that the 
symmetry of the machine about the central gear 
drive 26, 27 to the lay shaft 22 ensures that any 
"wind-up" in the lay shaft and the gear drive trains 
to the rotating holders of the machine will be sub- 
stantially equal, Such wind-up can be an appreci- 
able problem during the very rapid braking 
necessary when welding aluminium alloy shaft 
parts. During formation of the welds at the ends 
of the central component, the shear strains are 
equal, and residual stresses minimised after the 
welds have been completed. The braking effec- 
tiveness of the apparatus is also assisted by the 
inertia of the rotating component thereof being 
kept as low as possible, and one manner in which 
this can be achieved in respect of the holders 20 
will now be described with reference to Figures 2 
and 3 of the drawings. 

In these Figures, the holder is indicated at 40, 
and is adapted to receive a yoke member 41 of a 
Hookes universal joint, shown in outline only. 
Two diametrically opposed jaws 42 engage a cy- 
lindrical body part of the yoke member 41, which 
jaws are mowable radially in passages in the 
holder 40. Wedge members 43, of which only one 
is illustrated, are mowable in respective passages 
44 extending chordally of the holder 40, and 
these wedge members have inclined wedge sur- 
faces as 45 engaging corresponding inclined sur- 
faces in the jaws 42. Thus, movement from right 
to left of the wedge member 43 shown in the 
upper half of Figure 2, will effect radially inward 
movement of the jaw 42 to grip the joint yoke 
member 41. The position of the wedge member 
43 is maintained by friction after it has been 
moved to engage the jaw with the yoke member, 
such movement being effected by a pusher mem- 
ber 46 which forms part of the welding apparatus 
but does not rotate with the holder 40. An op- 
posed pusher 47 provides for movement of the 
wedge member 43 in the opposite direction when 
jaw 42 is to be released from the yoke member. 
The pushers 46, 47 may be actuated by hydraulic 
cylinders mounted on the respective carriage as- 
sembly 11,12 having the holder 40 in question. 

The desired alignment of the yoke member in 
the holder 40 is maintained by a bar 48 which is 
passed through apertures 49 in the spaced paral- 
lel limbs of the yoke member 41, and engages 
formations in parts 50 of the holder, The bar may 
also provide for application oi driving torque to 
the yoke member 41 , so that the jaws 42 do not 
have to grip the yoke member as tightly as would 
be necessary if they were also transmitting torque 
thereto. Bar 48 may be mowable by an hydraulic 
cylinder or cylinders, in manner analogous to the 
pushers 46, 47. 

It will be appreciated that the holders, by vir- 
tue of the use of externally operated wedge mem- 
bers to cause their jaws to grip the members held 
thereby, achieve an appreciable saving in weight 
and hence rotary inertia as compared with con- 
ventional chucks, thereby assisting the apparatus 
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to be braked rapidly enough to enable it satisfac- 
torily to weld aluminium alloy components. 



5 Claims 

1. Apparatus for simultaneously friction welding 
two members to the ends of an intermediate com- 
ponent (16), in the required angular orientation 

10 relative to one another about a common longitudi- 
nally extending axis (17), comprising: 
a bed (10); 

means (14) for holding said intermediate cqm- 
ponent (16) stationary relative to said bed; 
15 two carriage assemblies (11, 12), adapted to 

be fixed relative to said bed in positions spaced 
therealong symmetrically about said intermediate 
component holding means (14), and each com- 
prising a holder (20, 40) for a respective one of 
20 said members, bearing means (19) supporting 
said holder for rotation about said axis, and 
means (21 ) for applying a force along said axis to 
said holder (20, 40) so that said member is 
brought into engagement with said intermediate 
25 component under said force; 

a lay shaft (22) supported for rotation about its 
axis (23), extending lengthways of said bed; 

transmission means (24) connecting each of 
said holders with said lay shaft, and establishing 
30 a positive connection therebetween so that said 
holders remain in a fixed angular orientation 
relative to one another about said axis (17); 

means (28, 25, 26, 27, 29) for driving said lay 
shaft, and 

35 means (30, 31 ) for braking said lay shaft; 

characterised in that said means for braking 
said lay shaft (22) acts thereon substantially at 
the centre thereof, equidistant between said 
transmission means (24). 

40 

2. Apparatus according to Claim 1 further char- 
acterised in that at least one of said holders (40) 
has at least one jaw (42) arranged to be brought 
into gripping engagement with the member to be 

45 held thereby, by displacement of a wedge ele- 
ment (43) within the holder, and the apparatus 
further comprises means (46, 47) external to the 
holder (40) and not rotating therewith for effecting 
said displacement of the wedge element. 

50 

3. Apparatus according to Claim 1 or Claim 2 
further characterised in that at least one of said 
holders (20, 40) is adapted to receive a Hookes 
universal joint yoke (41). 

55 

4. Apparatus according to Claim 3 further char- 
acterised in that said at least one holder includes 
means (48) engagable with apertures (49) in 
limbs of the yoke (41 ) for alignment thereof. 

60 

Patentanspruche 

'1. Gerat zum gleichzeitigen ReibschweiBen von 
65 zwei Korpern an die Enden eines Zwischenteils 
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(16) in der erforderlichen Dreh-Winkelstellung 
relativ zueinander um sine gemeinsame Lang- 
sachse, welches Gerat folgende Bestandteile auf- 
weist: 

ein Bett (1 0); 

Mitlel (14), die das Zwischenteil (16) ge- 
genuber dem genannten Bistt in ortsfester Stel- 
lung halten; 

zwei Schlittenanordnungen (11, 12), die ge- 
genuber dem genannten Bett so in bestimmten 
Positionen befestigt sind, daB sie an diesem ent- 
lang in einem Abstand voneinander symmetrisch 
zu den Haltemitteln (14) des Zwischenteils an- 
geordnet sind, wobei jeder Schlitten eine Halte- 
vorrichtung (20, 40) fur jeweils einen der Korper, 
die Haltevorrichtung zwecks Dreh-barkeit um die 
genannte Achse tragende Lagerrnittel (19) und 
Mittel (21) zur Ausiibung einer Kraft auf die Halte- 
vorrichtung (20, 40) entlang der genannten Achse 
aufweist, so daB der genannte Korper mit dem 
Zwischenteil (16) under dieser Kraft in Anlage ge- 
brachtwird; 

eine zwecks Dreh-barkeit um ihre Achse (23) 
gelagerte Vorgelegewelle (22), die sich entlang 
der Lange des Bertes (10) erstreckt; 

Ubertragungsmittel (24), die jede der genann- 
ten Haltevorrichtungen mit der Vorgelegewelle 
verbinden und eine wirksame Verbindung zwi- 
schen diesen herstellen, so daB die Haltevorrich- 
tungen in einer fasten Dreh-Winkelstellung zuei- 
nander um die genannte Achse (17) verbleiben; 

Mittel (28, 25, 26, 27, 29) zum Antrieb der 
Vorgelegewelle, und 

Mittel (30, 31) zum Bremsen der Vorgelege- 
welle, dadurch gekennzeichnet, da(3 die Mittel 
zum Bremsen der Vorgelegewelle (22) im wesen- 
tlichen auf deren Mirte in gleichem Abstand zwi- 
schen den Qbertragungsmitteln (24) einwirken, 

2. Gerat nach Anspruch 1, dadurch gekenn- 
zeichnet, daB wenigstens eine der Haltevorrich- 
tungen (40) wenigstens eine Klemmbacke (42) 
aufweist, die so angeordnet ist, daG sie den von 
ihr zu haltenden Korper durch Verlagerung eines 
in der Haltevorrichtung vorgesehenen Keile- 
lementes (43) einspannt und daG das Gerat 
weiterhin Mittel (46, 47) aufweist, die auGerhalb 
der Haltevorrichtung (40) angeordnet sind, sich 
nicht mit dieser drehen und die Verlagerung des 
Keilelementes bewirken. 

3. Gerat nach Anspruch 1 oder 2, dadurch ge- 
kennzeichnet, daG wenigstens eine der Haltevor- 
richtungen (20, 40) daran angepaGt ist, die Gabel 
(41) eines Kreuzgelenkes aufzunehmen. 

4. Gerat nach Anspruch 3, dadurch gekenn- 
zeichnet, daB wenigstens eine der Haltevorrich- 
tungen Mittel (48) aufweist, die in Offnungen (49) 
in den Armen der Gabel (41) zu deren Ausrich- 
tung eingreifen. 

Revendicatlons 

1. Appareil pour souder par friction simultane- 



ment deux elements aux extremites d'un consti- 
tuant interrnediaire (16) dans I'orientation angu- 
laire relative necessaire Tun par rapport a I'autre 
autour d'un axe commun (17) s'etendant longi- 
5 tudinalement, comprenant: 
une base (10); 

des moyens (14) pour maintenir ledit consti- 
tuant interrnediaire (16) fixe par rapport a ladite 
base; 

10 deux ensembles formant chariots (11, 12) 

adaptes pour etre fixes par rapport a ladite base 
en des positions espacees le long de celle-ci 
symetriquement autour desdits moyens (14) 
maintenant le constituant interrnediaire, at com- 

15 prenant chacun un dispositif de maintien (20, 40) 
pour un element respectif desdits elements, des 
moyens formant paliers (19) supportant ledit dis- 
positif de maintien en rotation autour dudit axe, et 
des moyens (21) pour appliquer une force le long 

20 dudit axe audit dispositif de maintien (20, 40) de 
sorte que ledit element soit amene en engage- 
ment avec ledit constituant interrnediaire sous 
I'effetde ladite force; 

un arbre de couche (22) supporte en rotation 

25 autour de son axe (23), s'etendant longitudinale- 
ment par rapport a ladite base; 

des moyens de transmission (24) reliant cha- 
cun desdits dispositifs de maintien audit arbre de 
couche, et etablissant entre eux une relation posi- 

30 tive de sorts que lesdits dispositifs de maintien 
demeurent dans une orientation angulaire fixee 
I'un par rapport a I'autre autour dudit axe (1 7); 

des moyens (28, 25, 26, 27, 29) pour en- 
traTner ledit arbre de couche, et 

35 un moyen (30, 31) pour freiner ledit arbre de 

couche; caracterise' en ce que ledit moyen pour 
freiner ledit arbre de couche (22) agit sur celui-ci 
sensiblement en son centre, a egale distance 
entre lesdits moyens de transmission (24). 

40 

2. Appareil selon la revendication 1, caracterise 
en outre en ce qu'au moins I'un desdits dispositifs 
de maintien (40) comporte au moins une ma- 
choire (42) disposee pour etre amenee en enga- 

45 gement de serrage avec I'element a maintenir par 
elle, par deplacement d'un element formant coin 
(43) a I'interieur du dispositif de maintien, et I' ap- 
pareil comprend en outre des moyens (46, 47) 
externes au dispositif de maintien (40) et ne tour- 

50 nant pas avec celui-ci pour realiser ledit deplace- 
ment de I'element formant coin. 

3. Appareil selon la revendication 1 ou la reven- 
dication 2, caracterise en outre en ce qu'au moins 

55 I'un desdits dispositifs de maintien (20, 40) est 
adapte pour recevoir une chape (41) de joint ar- 
ticule a la cardan. 

4. Appareil selon la revendication 3, caracterise 
60 en outre en ce que ledit dispositif de maintien 

comprend un moyen (48) susceptible de s'en- 
gager dans des ouvertures (49) dans des bran- 
. ches de la chape (41) pour I'alignement de celle- 

ci. 

65 
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